Objective: To investigate the association between consumption of certain foods and macronutrients and urinary glucose excretion, which is a predictor of non-insulin-dependent diabetes mellitus. Design: A cross-sectional study, Denmark, 1993 ± 97. Subjects: Participants in the Danish study`Diet, Cancer and Health'. After exclusion of persons with postprandial urine samples and persons with diabetes or other diseases potentially resulting in glycosuria, the study population included 14 743 men and 18 064 women aged 50 ± 64 y. We identi®ed 183 men and 43 women with glucose in their urine. Results: Consumption of poultry was negatively associated with glycosuria in both men (odds ratio, OR 0.87; 95% con®dence interval, 95% CI 0.77 ± 0.98) and women (OR 0.69; 0.48 ± 1.00). Fiber from fruit showed a weak negative association with glycosuria in both men (0.95; 0.90 ± 1.01) and women (0.89; 0.78 ± 1.02), whereas a signi®cant negative association with total ®ber (0.68; 0.51 ± 0.91) and ®ber from vegetables (0.94; 0.88 ± 0.99) was seen in men. Intake of ®sh tended to reduce the risk of glycosuria in women only (0.80; 0.63 ± 1.02), whereas ingestion of milk products increased their risk signi®cantly (1.15; 1.06 ± 1.24). Conclusion: Although statistical signi®cance and consistency in the two sexes were not achieved for all endpoints, the study indicates a protective effect of dietary products like poultry, fruit and cereals against glycosuria and suggests a promoting effect of milk. Sponsorship: The Danish National Board of Health and the Danish Cancer Society.
Introduction
Surveys conducted in the 1980's showed that the prevalence of non-insulin dependent diabetes mellitus (NIDDM) was 5 ± 10% among Danes over 50 years of age (Damsgaard et al, 1987 , Schroll et al, 1987 Beck-Nielsen and Pedersen, 1996) . NIDDM is mainly ascribed to a strong genetic predisposition, a sedentary lifestyle and obesity (Tuomilehto et al, 1992; Manson and Spelberg, 1994) . Diet contributes to the development of NIDDM by its indirect effect upon body weight (Cassano et al, 1992; Ford et al, 1997) , but speci®c dietary patterns, foods or nutrients may also act independently.
In a recent cross-sectional study, frequent consumption of vegetables and fruit was inversely associated with abnormal glucose tolerance, although only the result for vegetables was signi®cant (Williams et al, 1999) . In the 30-year follow-up survey from the Dutch and Finnish male cohorts of the Seven Countries Study, ®sh, potatoes, vegetables and legumes appeared to protect against NIDDM (Feskens et al, 1995) , but in a Swedish prospective study of women with imparied glucose tolerance, no association was found between foods or macronutrients and the development of NIDDM (Lundgren et al, 1989) . Thus, we have only little present knowledge about the potential associations between dietary patterns, foods nutrients and NIDDM initiation.
The ®rst clinical manifestation of NIDDM is usually urinary glucose excretion, and in elderly persons glycosuria is a strong predictor of NIDDM. It has been estimated that 35 ± 50% of men and 70 ± 80% of glycosuric elderly women with this cond®tion are diabetics (Butter®eld et al, 1967; Kacksonet al, 1968) . In the study reported here, covering 14 743 men and 18 064 women aged 50 ± 64 years, we examined the relationship between intake of various foods and nutrients and urinary glucose excretion as a predictor of NIDDM.
Methods

Study population
Between December 1993 and April 1997, men and women aged 50 ± 64 y, selected at random from the Central Population Registry and resident in the greater Copenhagen and Aarhus areas were invited to participate in the studỳ Diet, Cancer and Health'. All the participants were born in Denmark and did not have a previous diagnosis of cancer. A total of 27 146 men and 29 861 women were enrolled in the study, corresponding to 33% and 37% of the subjects invited. They completed a detailed 192-item food frequency questionnaire and another questionnaire on sociodemographic and life-style factors, including smoking, alcohol consumption, physical activity and previous diseases.
Anthropometric measurements including height, weight and waist and hip circumference were made at the study clinic, and biological samples such as spot urine, blood and fat tissue were collected. The study group was linked by the personal identi®cation number system to the Danish Hospital Discharge Register to obtain information about all diagnoses (ICD-8 or ICD-10) recorded at nonpsychiatric hospitals during 1978 ± 96. The relevant Danish Ethical Committees on Human Studies approved the study protocol.
We excluded 2343 (9%) men and 2108 (7%) women who in the questionnaires had reported having diabetes, did not know whether they had diabetes, or had been hospitalised with diabetes according to the Danish Hospital Discharge Register 250, 11, 14) before their visit to the clinic or had been hospitalised at any time and with other conditions potentially characterised by glycosuria, such as thyreotoxicosis (ICD-8: 242, ICD-10: E05), Cushing's syndrome (ICD-8: 258, ICD-10: E24), acromegaly (ICD-8: 253.00, ICD-10:E22.0), tubulointerstitial nephropathy or glycosuria with no other diagnosis (ICD-8:789.59, ICD-10:R81.9).
Dietary questionnaire
Diets were assessed by a 192-item semi-quantitative foodfrequency questionnaire that also covered beverages and included open-ended questions about use of vitamin supplements and choices of fat for cooking and fat spread on bread. A description of the development and validation of the dietary questionnaire has been published elsewhere Tjonneland et al, 1991; Haraldsdottir et al, 1994) . Participants selected pre-de®ned responses ranging from`never' to`eight or more times a day' to questions about how often they consumed speci®c food-items. Either a common unit for each food item was speci®ed or standard portion sizes, different for men and women and estimated from a previous validation study, were used. Nutritional values and information on loss during preparation were obtained from Danish food composition tables (Mùller, 1996) . Information about the fatty acid content of speci®ed fats used for cooking and spread on bread was obtained from manufacturers. The average daily intakes of foods and nutrients were calculated with the newly developed programme`FoodCalc' (www.ibt.ku. dkajesperafoodcalc).
Participants were asked about the content of their last main meal and the number of hours since they had eaten it. Those who did not state the time since their last meal (109 men and 83 women) and those who had eaten within the last 3 h were excluded (9494 (35%) men and 8803 (29%) women). These exclusions were made because postprandial glycosuria is more likely than fasting glycosuria to be a consequence of alimentary and renal glycosuria, which are normal conditions that are not predictive of NIDDM (Davies, 1993) .
Men with a total energy intake of`3250 kJ and b28 250 kJ and women with a total energy intake`1750 kJ and b24 000 kJ were also excluded, as were participants for whom more than 10 values were missing in the questionnaires or who had an extreme intake of six or more single food items; these comprises 35 men (0.1%) and 28 women (`0.1%).
Participants with an implausible intake of one to ®ve single food items were assigned the largest acceptable value; these comprised 2158 persons, but 80% had only one extreme value.
Measurement of non-dietary factors
Body mass index (BMI) was calculated as weight (kg) per squared height (m 2 ). Waist and hip circumferences were measured, and the waist-to-hip ratio (WHR) was calculated as a measure of adipose tissue distribution (Han et al, 1998) . Leisure-time physical activity was reported in the questionnaire as hours per week spent on housework and sports during summer and winter. Physical activity at work was reported according to four pre-de®ned categories ranging from sedentary to heavy physical activity.
Urinary glucose excretion
Urinary samples were spot urine samples taken at the study clinic. Glucose excretion was determined by visual reading of Bayer Hema-Combistix test strips by trained laboratory personnel. The procedure yields a maximum of 12% false positive readings. Urinary samples were not available from 208 (0.8%) men and 121 (0.5%) women, who were excluded from the study. We excluded persons who had had a meal within the last 3 h, those for whom urine samples were not available and those with extreme total energy intakes, more than 10 missing values or extreme intakes of six or more single food items on the questionnaires, diabetes or other endocrine diseases potentially leading to urinary glucose excretion.
a After primary and lower secondary school. 50 women and 34 men had missing information regarding level of education.
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Statistical analysis
The data on urinary glucose excretion were analysed by logistic regression models, strati®ed by gender, with a positive reading of urinary glucose as the response variable.
In the evaluation of the association between consumption of speci®c foods or macronutrients and glycosuria, the potential confounding effects of age, BMI, WHR and physical activity at work and in leisure-time were taken into account by inclusion of these measures as covariates in the adjusted analysis. In the analysis in which the intake of foods or macronutrients was considered taking into account total energy intake, i.e. isocalorically, total energy intake was included as an additional covariate. Participants for whom information on one or more of these explanatory variables was missing were excluded from all analyses. Thus, the ®nal study cohort comprised 14 743 men and 18 064 women. The linearity assumption was tested in an expanded model ®tting a restricted cubic spline with four knots at the 5th, 35th, 65th and the 95th percentile of the dietary variable using F.E. Harrel's SAS-macro PSPLI-NET. Statistical analyses were performed with SASaSTAT software (SAS Institute Inc., Release 6.12 for UNIX).
Results
The basic characteristics of the ®nal study population are shown in Table 1 .
We identi®ed 183 men (1.2%) and 43 women (0.2%) with positive urinary glucose sticks and found that they had higher BMIs and larger WHRs than those with negative sticks (Table 2) . Glycosuric persons tended to eat more meat and less vegetables, fruit, cereal and poultry, and glycosuric women ate less ®sh and drank more milk than their non-glycosuric counterparts. Both men and women with glucose in the urine had lower energy intakes, but the percentage of energy from macronutrients was similar in glycosuric and non-glycosuric persons. In the unadjusted 
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A Ekblond et al analysis, a higher intake of vegetables, fruit, cereals, poultry and olive oil was negatively associated with glycosuria among both men and women (Table 3) . After adjustment for age, BMI, WHR, physical activity and total energy these associations for fruit, cereal, poultry and olive oil remained in both men and women and for vegetables among men (Table 1) . Signi®cant reductions in risk were seen with a 100 g per week increase in the intake of poultry among men (OR 0.87; 95% CI 0.77 ± 0.98) and women (0.69; 0.48 ± 1.00). Intake of ®sh was borderline signi®cantly protective against glycosuria both before and after adjustment for the factors mentioned above among women only, with a reduction in risk of 0.80 (95% CI 0.63 ± 1.02) for each 100 g per week increase in ®sh consumption. Intake of meat was not associated with glycosuria in either men or women. Among men, there was no association between consumption of milk or added fat (as a spread on bread and for cooking) and glycosuria, while a positive association was seen among women. In the adjusted analysis, a 100 gad increase in intake of milk or a 100 gaweek increase in intake of added fat increased the risk for urinary glucose excretion by 15% (95% Con®dence interval 95% CI 1.06 ± 1.24) and 33% (95% CI 0.93 ± 1.88), respectively.
Although different associations with total carbohydrate intake were seen in men and women, total ®ber intake was inversely associated with glycosuria in persons of both sexes, and signi®cantly so in men (odds ratio OR 0.68; 95% CI 0.51 ± 0.91) in the adjusted analysis for a 10 gad increase in consumption (Table 4) . This is probably due to the lower intake of both fruit, cereal and vegetable ®ber. The results for total fat and subtypes of fat were inconsistent for men and women except for a non-signi®cantly reduced risk con®ned to intake of polyunsaturated fat. The negative association between ®sh consumption and glycosuria in women is plausible since long-chain n ± 3 polyunsaturated fatty acids, mainly found in ®sh oils, also showed a negative though insigni®cant association with glycosuria in the adjusted analysis (OR 0.44; 95% CI 0.17 ± 1.13).
Discussion
Our results showed, that intake of poultry is signi®cantly related to a lower risk of glycosuria. To our knowledge this has not been analysed previously and at present we have no biological explanation for this ®nding. We also found insigni®cant reductions in risk in relation to consumption of fruit and cereals by both men and women and consumption of vegetables by men. In a previous prospective study, consumption of vegetables was inversely, though insigni®cantly, associated with risk of NIDDM, whereas intake of fruit was not related (Colditz et al, 1992) . In a crosssectional study, frequent consumption of both vegetables and fruit was non-signi®cantly negatively associated with NIDDM (Williams et al, 1999) , supporting our ®nding for the intake of fruit. In our study, intake of total ®ber was also negatively related to glycosuria, though this was signi®cant in men only. This observation is supported by the results of two prospective studies that showed signi®-cant inverse associations between total ®ber intake and risk for NIDDM, whereas only cereal ®ber and not fruit or vegetable ®ber was associated with NIDDM (Salmeron et al, 1997a, b) . Fiber may affect the risk for NIDDM due to its magnesium content which is thought to increase insulin secretion and reduce the blood glucose concentration (Paolisso et al, 1992). Other possible mechanisms by which ®ber may reduce the risk for NIDDM include improving glucose metabolism simply by delaying gastrointestinal absorption of glucose (Nuttall, 1993) or by bacterial fermentation into short-chain fatty acids (Andersen, 1986) .
Some of our ®ndings were con®ned to women, including the borderline signi®cant negative association between ®sh consumption and glycosuria. A similar association between long-chain n ± 3 polyunsaturated fatty acids mainly found in ®sh oils and glycosuria was found. At least one previous follow-up study has suggested that ®sh consumption reduce the risk for NIDDM in both men and women (Feskens et al, 1991) . The effect might be ascribed to the fact that n ± 3 polyunsaturated fatty acids from ®sh oils improve insulin sensitivity (Yam et al, 1996) , although recent studies of n ± 3 supplementation in NIDDM patients show no bene®cial effects on glucose tolerance or insulin resistance (Fasching et al, 1991; Pelikanova et al, 1993) , and the lack of an association for men makes the observation more questionable.
Another observation con®ned to women in this study is the positive association between consumption of milk products and glycosuria. Although we failed to ®nd such an association among men, it might suggest an association with a diet rich in animal fat, as supported by the insignificant association with consumption of added fat and intake of saturated and monounsaturated fat among women. In Denmark, most ingested monounsaturated fat comes from animal products and is thus strongly correlated with saturated fat. The impact of dietary fat on the pathogenesis of NIDDM has been examined thoroughly in animal and short-term metabolic studies, which show that fat, and especially saturated fat, increases insulin resistance and hyperglycemia (Clandinin et al, 1993; Storlien et al, 1993; Roden et al, 1996) but long-term studies in men and women have been far less conclusive (Schwab et al, 1993; Swinburn, 1993; Hannah and Howard, 1994) . In The San Luis Valley Diabetes Study, total fat and saturated fat intake were predictive of NIDDM, (Marshall et al, 1994) whereas prospective studies have not found similar associations (Snowden and Phillips, 1985; Feskens and Kromhout, 1989; Lundgren et al, 1989) .
We used the database of the study`Diet, Cancer and Health' that provides detailed information about dietary Dietary habits and urinary glucose excretion A Ekblond et al and potentially confounding variables. We focused on the association between glycosuria and the consumption of certain food items, which has received little attention in previous studies. Although the study was cross-sectional, it correlated dietary habits with unrecognised urinary glucose excretion, since the subjects were not aware of their potential disease and had therefore not changed their dietary habits accordingly. Even though the study population was large, only a few persons excreted glucose in their urine, and therefore the study had limited power. Another limitation is that not all persons with glycosuria have, or develop, NIDDM, as 35 ± 50% of men and 70 ± 80% of women aged 50 ± 70 y with postprandial glycosuria have NIDDM. This estimate is based on observations in a number of surveys, including the Diabetes Survey in Bedford, England in 1962 (Keen, 1964; Butter®eld et al, 1967) and studies in other ethnic groups (Jackson et al, 1968; Cheah et al, 1972; Chaisiri et al, 1997) . Our predictive value is likely to be higher, because we only included persons with approximated fasting glycosuria, who are more likely to have NIDDM than those with postprandial glycosuria (Davies et al, 1993) . By restricting the study population to those for whom urine samples were available after at least a 3 h fast, we increased the likelihood of overlooking cases of NIDDM, since tests on such samples have lower sensitivities than tests on postprandial urine samples (Bitzen and Schersten, 1986; Forrest et al, 1987; Chaisiri et al, 1997) . However, it is reasonable to believe that this will improve the positive predictive value and we consider it preferable to have false-negative results for NIDDM rather than false-positive ones, as false-negative cases make up such a small proportion of the true negatives. The selected group of glycosuric persons is likely to be severe cases of glucose intolerance and undiagnosed NIDDM. As the disease is mostly symptom free, we have no reason to believe that these persons have changed their food intake due to the disease. Thus, this misclassi®cation is likely to be non-differential and will probably only tend to underestimate any real effect of dietary components. However, we cannot exclude the impact of glucose dilution or concentration in the bladder or that these cases represent a sub-group of glycosuric persons with particular decisive diets. Another reservation is that isocaloric analyses do not reveal the actual composition of dietary substitutions. Thus, the negative association between consumption of certain foods and glycosuria may indirectly express the effect of other food products replaced by the food item under investigation. In fact, we can not exclude that this is the underlying cause to the association found between intake of e.g. poultry and glycosuria.
In conclusion, dietary habits were associated with the presence of glycosuria, predicting NIDDM in our study group. The intake of fruit, cereals, ®sh and poultry showed negative but not always signi®cant associations with glycosuria. Given that people consume foods and not nutrients, we believe that the insight into the effect of foods on the development of NIDDM deserves further attention. In the years to come, the database of the study`Diet, Cancer and Health' will provide further understanding about diet and the etiology of NIDDM.
